Abstract-This paper concerns the maximum utilization of energy resources like wind and Photovoltaic (PV) power generation for economic operation. It analyses the wind and PV for a considered load profile. The Generation for each system is minimized so that the total annual cost to the customer gets reduced. The total cost is minimized by optimal placement of wind turbine (WT) and PV system. The optimal placement and sizing of these considered generating units is made through an Ant Colony Optimization (ACO) algorithm. The electrical parameters of WT and PV cells determines the maximum power generation. The Sources are depends on atmospheric factors introduces non-linearity in the system and on the demand side load is fluctuating. The conventional optimization technique fails due to its complexity while solving the non-linear problem. This paper proposes an intelligent ACO algorithm to solve the practical 5 kW WT and PV system. The result clearly shows the superiority of the proposed algorithm. Further, this algorithm gives the idea of solving complex Indian practical generating systems.
considering installing wind and PV generation on their property. To determine the wind generator capacity and the number of PV panels needed for the hybrid energy system [4] . The algorithm uses the hourly average wind, insolation and power demand to determine the wind/PV generation capacities required to meet the demand while minimizing an objective function, which will be the total annual cost to the customer. Total annual cost is the sum of the annual cost of the capital over the life of the generating system and its annual maintenance cost. The PV array must operate electrically at a certain voltage which corresponds to the maximum power [5] under the given operating conditions, temperature and irradiance. Static and dynamic characteristic variation of sources and inclusion of other electrical component makes the problem as Non-linear Problem as hard ones.
To solve these problems in efficient manner, meta heuristic optimization [6] techniques are introduced. Several metaheuristic optimization algorithms such as Bacterial Swarm Optimization (BSO), Biogeography-Based Optimization (BBO), Bat Motivated Optimization (BMO), Social Spider Optimization (SSO) etc.
The BSO [7, 8] is proposed for scheduling generating system. Even though it solves the problem, steps involved in solving this algorithm are large. Inspired by geographical elements, BBO [9, 10] introduced to solve numerous problem in DG formulated micro grid. Sometimes the BBO struck in local optima leads towards worst optimal solution. The BMO [11] involves the inspiration from social facts leads to poor solution. SSO is proposed to solve the optimal placement and sizing of solar constructed DG. The step involved in solving the SSO [12] is complex and takes more time to solve the problem. This paper proposes an intelligent Ant Colony Optimization [13, 14] based approach for optimal placement of wind-solar based hybrid system. In addition, the total operational cost involved in placing these Hybrid Energy System (HES) is calculated.
II. PROBLEM FORMULATION
Different power sources have different impact on overall cost, performance and reliability of HES. As a result maximum power generation and minimize the cost strategy is needs to be considered. A decision variable for the problem is taken as number of wind turbines and number of PV panel.
Modeling of Wind Turbine
In the wind power generation [15] , electrical energy production mainly depends on the availability of wind. With variation in wind speed, electric energy production is increased or decreased. The selection of area for wind system installation is important. Wind turbine is used to extract the power from the blowing wind. The power is calculated by, The system rotational speed will rise or fall and if the wind turbine output energy is more or less than the input energy of the generator system. Naturally, if the two values are equal, the rotational speed stays constant.
Based on the rated power wind power calculation is given by, and T is the temperature in degree Celsius in current time respectively.
Objective Function of Hybrid Energy System
The objective is defined as economical design of energy system considering 100 % supply of power to load for any point of time. Investment cost, Operational and Maintenance cost and replacement cost have been considered in total cost calculation of HES.
( )
The total initial investment cost is defined as follows:
Where pv N and wt N are the numbers of PV array and wind turbine respectively, pv C and wt C are investment costs of PV array and wind turbine respectively.
The total operation and maintenance cost is given as follows:
The Replacement cost depends upon the project life and corresponding component life specified by the manufacture.
The objective function of the optimum design problem is the minimization of the total annual cost T C .
The total annual cost consists of the annual capital cost cpt C and the annual maintenance cost mtn C .
Constraints
Constraints are applied for objective function as follows: PV and Wind turbine array installation constraint: Minimum sizing is decided by average load required and maximum size is decided by maximum load requirement. 
III. ANT COLONY OPTIMIZATION ALGORITHM
In the real world, ants are able to discover the shortest path between their nest and a food source. For finding food source, ants initially search the vicinity of their nest in a random manner. When an ant finds a food source, it evaluates the quality of that food and returns to the nest while depositing a pheromone trail on the ground. The quantity of the pheromone deposited, which may rely on the quality of the food, will lead the other ants to the food source. During the time, the pheromone of a path evaporates if other ants lay down no more pheromone on that path. If the quantity of pheromone on that path increases, the more and more ants get attracted towards the path.
The following steps characterize the ACO algorithm:
i) The optimization problem is formulated as a search problem on a graph.
ii) The certain number of ants are released onto the graph. Each individual ant traverse the search space to create its solution based on the distributed pheromone trails and local heuristics. iii) Based on the solutions found by the ants pheromone trails are updated. iv) If predefined stopping conditions are not met, then repeat the first two steps.
Otherwise, report the best solution found.
Steps Involved In ACO Algorithm
Step 1. Initialization The number of ants are initialized and correspondingly placed in their position. They perform a tour based on the node transition rule explained below. ACO constructs a complete tour for the first ant prior to the second ant starting its tour. At the beginning of the algorithm, the initial pheromones laid on the connections are set to a small value, > 0.
Step 2. Node transition rule Each ant moves from a node of the current stage to a node in the next stage by using node transition rule. The transition probability from node i to node j for the
Where τ is the intensity of pheromone on the connection and p denotes the number of nodes of the next stage.
Step 3. Pheromone updating rule At the end of each iteration, ants will complete their tour. Consequently, the pheromone of all the connections will be evaporated by the given equation. Reducing the amount of pheromone on all the possible paths is known as local updating.
Where ξ is the pheromone evaporation factor. Then, global updating is performed by updating the pheromone on the best path found. is the density of the mark left at the edge at a time, t. The value of ij η , i.e., visibility is equal to the distance between two points. α and β are two parameters which control the importance of pheromone relative to the visibility. After ants complete their tours, i.e., after each ant finds its solution, evaporation of pheromone and updating processes are performed. In ACO, each ant is a simple agent to conduct the task and obeys the following rules:
• It lives in a discrete-time environment.
• It selects its path by a probability related to the pheromone laid on the connections.
• It deposits pheromone when its tour is completed.
An ant colony optimization is meta-heuristic technique based on swarm intelligence. It has no centralized controller and self-organizing techniques. An ACO algorithm requires less computation time to complete task so it is more scalable.
To apply ACO to optimum sizing wind system, the graph that describes the settings of the decision variable (number of wind turbines and number of PV panels) is mapped on the ACO graph (search space), which is the space that ants will walk. Number of nodes in each stage is equal to all the possible candidate discrete settings for the corresponding decision variable. Each ant starts its tour and moves from the nest to the food source by probabilistically selecting one of the possible paths.
IV. IMPLEMENTATION OF ANT COLONY OPTIMIZATION ALGORITHM TO MAXIMUM POWER GENERATION PROBLEM OF HYBRID ENERGY SYSTEM
The detailed implementation and corresponding flow chart is formulated in Figure 2 .
Step 1. Initialize the parameters such as t-number of Wind Turbine (WT), cin v -cut-in speed, cout vcut-out speed, N v -nominal speed, w v -average wind speed and x-number of panels. The number of ants are initialized and correspondingly placed in their position. At the beginning of the algorithm, the initial pheromones laid on the connections are set to a small value, > 0. Step 2. Determine the maximum power with respect to rated speed and determine the candidate buses where the turbines and PV panels to be placed by sensitivity analysis. Each ant giving solution agent ant is located random cities initially. In each iteration, to select the next city to be visited by ants.
Step 3. Determine the minimization of total annual cost by using equation (8) . Ants are able to discover the shortest path between their nest and a food source.
Step 4. The randomly generated values are must be within the limits
. Each individual ant traverse the search space to create its solution based on the distributed pheromone trails and local heuristics.
Step 5. The n variable values are generated randomly and a constant value is assigned to each variable. In each iteration, m ants generate n variable values for the following equation The n variable values obtained in each iteration generate m solutions for the objective function. These solutions are now sorted from best to worst and best solution is saved as best-so-far solution. Step 6. Each ants moves from a node of the current stage to a node in the next stage by using node transition rule. The transition probability from node i to node j for the th K ant in th t iteration, ) (t P k ij is defined by using equation (13) .
Step 7. The variable speed and the number of panels that selects the best path in iteration ( ) is the maximum cost value obtained in iteration t.
V. RESULTS AND DISCUSSION

Parameter Sets for Wind Turbines and PV of Various Ratings
Many parameters that characterize a variable-speed wind turbine are presented below. From the Figure 1 , the nominal rotor speed and the rotor diameter determines the nominal wind speed. The allowable amount of rotor over speeding determines the parameters in the pitch angle controller. The minimum rotor speed determines the cut-in wind speed.
Due to these interdependencies, it is essential to use a consistent set of parameters considering WT model. These consistent parameters lead the operator to model the WT easily and to find the better results. The general variable-speed wind turbine, a case has been simulated using a 2MW wind turbine with the speed versus power control characteristic of Figure 3 . The initial wind speed is below the nominal wind speed. After 5s, a wind speed ramp starts which leads to an increase in the average wind speed of 4 m/s in 30s. After 10s, a wind speed gust with amplitude of 3 m/s and duration of 10s occurs. The rated power capacity is 5 kW and then other parameters are shown in Table 2 . In the considered 23 wind turbine units, nominal wind speed is 11 m/s then the average annual investment cost for the considered wind turbine is 7693 $. The data in above table is considered for minimizing the p.u cost. The generated power from WT and PV are consumed is shown in Figure 4 . The wind speed for whole year is recorded and shown in Figure 5 . Similarly, in Table 3 for same power capacity the PV specification is considered for the optimal location. For the considered PV unit the corresponding voltage and current parameters are recorded to increase the efficiency. The properly placed PV system has the solar illumination over a period of year is illustrated in Figure 6 . The solar illumination is recorded seasonal wise according to the weather conditions of India. The above-considered WT and PV parameter for optimal placement is solved using an Ant Colony Optimization algorithm. The simulation is made using MATLAB 2013Ra with Intel Core i3 -2328M CPU of 2.20GHz processor.
Nominal
Specification
The convergence curve incorporating ACO is shown in Figure 7 , It is clear from the figure that the proposed optimization technique produces optimal results with less number of iterations. Also, the proper position of WT and PV system is identified and placed. This in turn reduces the operational cost of the total system. The number of wind turbine and PV panels are 23 and 12, with considering these wind turbine and PV panel the proposed ACO gives 0.1538 $/kWh for per unit cost of energy. From the above Figure, even though iteration is increased and the per unit cost of energy is reduced.
VI. CONCLUSION
This paper proposes the Ant Colony Optimization algorithm for optimal allocation and placement of WT and PV energy system. The proposed system is validated using 23 WT & 12 PV and the results are presented. The result clearly indicates that the proposed ACO algorithm gives the optimal results. The proposed ACO technique is capable of producing higher quality results, i.e., in terms of the optimal location and operational cost. There by this system may be applied to meet out the increasing demand of the state Tamil Nadu.
